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Charged p ions  produced i n  pro ton-nucleus Examples of d a t a  a r e  shown i n  Fig. 2. The 4 0 ~ a  
c o l l i s i o n s  have been measured us ing  t he  QDDM spectrum shows 90 p ion  events  ob ta ined  i n  a 90 minute 
magnetic spectrograph f a c i l i t y  shown i n  Fig. 1. run w i th  an average beam cu r r en t  of 20 na. For 
The focal-plane d e t e c t o r  a r r a y  cons i s t ed  of  a 20%b, 30 pions were observed i n  a 3 112 h r  run w i th  
h e l i c a l  mul t iwi re  p ropo r t i ona l  chamber followed an average beam c u r r e n t  of 50 na. 
by 118" and 112" t h i c k  s c i n t i l l a t o r s  separa ted  Table 1 summarizes t h e  r eac t i ons  t h a t  have been 
by a d i s t ance  of  30 cm. Pions were i d e n t i f i e d  measured s o  f a r .  For 1 0 ~ ( p ,  I T + ) " B ~ ~  a t  154 MeV, 
by mult iparameter  computer ana ly s i s  of  t h e  AE1 measurements were made a t  l abo ra to ry  angles  of 25, 
(118" s c i n t i l l a t o r ) ,  AE2 (112" s c i n t i l l a t o r ) ,  45 and 60 degrees. For a l l  o t h e r  cases  8, ( l ab)  = 
two t ime-of-f l ight  (RF -t AE1 and AE1 -t A E ~ )  25 degrees.  
and two p o s i t i o n  ( h e l i x  and AE2 s c i n t i l l a t o r )  
Table 1. Summary of  (p, IT) React ions Measured with 
s i g n a l s .  Beam c u r r e n t s  up t o  100 n a  were used, t h e  QDDM Magnetic Spectrograph 
and pion event  r a t e s  ranged from 0.51second Bombarding Energies  ( M ~ v )  
React ion 152 154 156 160 164 
f o r  1°B t o  0.2lminute f o r  *08pb. A background 
9 ~ e  (p, IT-) l0cgs ? 
l e v e l  of  % 1 n b l s r  was achieved. 
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Cross s e c t i o n s  e x t r a c t e d  from our  1°B and 4 0 ~ a  
d a t a  a r e  about  5 and 1.7 t imes l a r g e r  than those  
ob ta ined  a t  Orsayl) and uppsa la ,  2, r e spec t i ve ly  . 
r eac t ion  was observed a t  IUCF t o  have a c ros s  
w 8.5 MeV 
2 a 4 . 8 M . V  
Figure 2. 
Prel iminary analyses of t h e  'OB and 4 0 ~ a  
(p,  if) d a t a  have been ca r r i ed  out  wi th in  t he  
framework of t h e  p ionic  s t r i p p i n g  model using a 
plane-wave code w r i t t e n  by J . G .  W i l l s .  3, The 
po in t  of t he  plane-wave ana lys i s  was t o  de ter -  
mine q u a l i t a t i v e l y  t he  ex t en t  t o  which d a t a  of  
t h i s  type can e s t a b l i s h  t h e  importance of  t he  
one-nucleon ( s t r i pp ing )  mechanism near  threshold 
a s  we l l  a s  t he  n o n - r e l a t i v i s t i c  form of t he  IT-N 
i n t e r ac t ion .  A DWBA code f o r  (p ,  .rr) r eac t ions  
is cu r r en t ly  being developed a t  Indiana by 
Tsangarides and W i l l s .  4, 
P o s i t i v e  pion production on t a r g e t s  heavier  
than 4 0 ~ a  t  bombarding energies  below 200 MeV 
and negat ive  pion production a t  bombarding 
energies  a s  low a s  154 MeV have n o t  been re- 
s ec t ion  of % 30 nb / s r  a t  25' and 160-MeV bombarding 
energy. 3, Preliminary cross  s ec t ions  f o r  t h e  
9 0 ~ r  (p , IT+) "zrgs and 5 1 ~ ( p ,  IT-) 52mgs reac t ions  a t  
25O and 154-MeV bombarding energy a r e  24 + 10 nb / s r  
and 1.5 f 1 nb / s r ,  respect ive ly .5)  
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